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mpact of Acinetobacter Infection
n the Mortality of Burn Patients
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teven E Wolf, MD, FACS

BACKGROUND: Acinetobacter calcoaceticus-baumannii complex (Acb) is recognized as an important cause of
nosocomial infections. Although Acb can be associated with multidrug resistance, its impact on
mortality in burn patients has not been fully elucidated.

STUDY DESIGN: In a retrospective cohort study assessing medical records and microbiology laboratory data at a
US military tertiary care burn center, we evaluated all patients admitted to the burn center
between January 2003 and November 2005. Data collected included age, severity of burn,
comorbidities, length of stay, and survival to hospital discharge. In addition, microbiology data
were reviewed to determine which patients were infected with Acb during this time frame.
These data were then used to compare patients infected with Acb to patients not infected.
Multivariate analysis using logistic regression was performed to determine which patient char-
acteristics were associated with increased mortality.

RESULTS: There were 802 patients included in the study. Fifty-nine patients met the case definition for
infection. An additional 52 patients were found to be colonized with Acb. Patients with Acb
infection had more severe burns and comorbidities, and had longer lengths of stay compared
with patients without Acb or those with Acb colonization. Mortality in infected patients was
higher compared with those without infection (relative risk � 2.86, p � 0.001). On multivar-
iate analysis, infection with Acb was not statistically associated with mortality.

CONCLUSIONS: Multidrug-resistant Acb is a common cause of nosocomial infection in the burn patient popu-
lation. Despite this, it does not independently affect mortality. ( J Am Coll Surg 2006;203:

546–550. © 2006 by the American College of Surgeons)
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he US military health-care system has recently witnessed
n increased rate of infections caused by the Acinetobacter
alcoaceticus-baumannii complex (Acb), primarily in sol-
iers injured while deployed to Iraq or Afghanistan.1 This
lso appears to be an increasing problem in burn patients
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orldwide.2-5 These infections have had an impact on sol-
iers evacuated to the burn center of the US Army Institute
f Surgical Research (Fort Sam Houston, TX). Although
cb infections seem to be associated with a high mortality,

t is unclear whether this increased mortality is a result of
he infection itself or the underlying characteristics of the
nfected patients.To date, other studies that have examined
he mortality attributable to Acb have reported mixed
esults.3,6-10 Further characterizing the effect of Acb infec-
ion on burn patient mortality will direct development of
roper treatment strategies. We performed a retrospective
ohort study of all patients admitted to the US Army Insti-
ute of Surgical Research Burn Center to determine the
ffect of Acb infection on mortality.

ETHODS
he US Army Institute of Surgical Research Burn Cen-

er is the only tertiary care burn center in the US military

ealth-care system. It provides definitive burn treatment
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o military beneficiaries, to include service members
urned in combat. In addition, in its role as part of a
egional burn center, it also serves civilian burn patients
rom south Texas. On average, the center operates 44
eds, including 16 in the ICU.

The electronic medical records database of the burn
enter was searched to identify all patients admitted
rom January 2003 through November 2005. For each
dmission, the following information was extracted: age,
otal body surface area burned, Injury Severity Score,
ength of stay in hospital, length of stay in the ICU, days
equiring mechanical ventilation, presence of inhalation
njury, and survival to hospital discharge. In addition,
he microbiology records were searched to determine
hich patients had cultures growing Acb.
For patients with Acb recovered on culture, charts

ere further reviewed to determine whether the cultures
epresented infection or colonization. All patients with
cb isolated from normally sterile sites, to include
lood, were considered infected. Respiratory infections
ncluded pneumonia, which was defined as a positive
espiratory culture if accompanied by a new infiltrate on
hest x-ray; a change in the consistency or an increase in
mount of sputum; and two of the following: worsening
xygenation (by either PaO2 or O2 saturation), new fe-
er (�101°F), or new leukocytosis (WBC �11,000
ells/�L). In addition, patients with inhalational injury
ho had a positive respiratory culture and new fever

ssociated with obvious purulence noted on fiberoptic
ronchoscopy were also considered to have a respiratory
nfection. Isolates from other nonsterile sites, such as
rine or wounds, were considered infections if they were
ssociated with signs and symptoms of infection both
ystemically and at the site of isolation. Patients who had
ositive cultures, but who did not meet these definitions
or infection, were considered to be colonized. Patients
ere deemed colonized on admission if cultures
rawn during the first 24 hours of their hospitaliza-
ion grew Acb.

For patients with Acb, the following information was
dditionally extracted: length of time before develop-
ent of colonization and time to infection. The records

f patients found to be colonized on admission were
urther examined to study the impact of colonization on
ubsequent development of infection. Infected patients
ere reviewed to determine whether effective antimicro-
ial therapy was given. Effective therapy was defined as

se of at least one antimicrobial with in vitro activity i
gainst the first isolate associated with a given infection.
ntimicrobial susceptibilities of each isolate were deter-
ined using the VITEK2 automated system (bioMerieux
ITEK Inc). Kirby-Bauer disk diffusion testing was per-

ormed as confirmation in multidrug-resistant isolates.
Statistical comparison between Acb groups (infected,

olonized, or neither) was performed using Kruskal-
allis ANOVA and Mann-Whitney tests for continu-

us variables and Pearson chi-square tests for propor-
ions. The impact of colonization on admission on the
urther development of infection was described using
earson’s chi-square test. The comparison of time to
evelopment of infection between those colonized and
hose not colonized was done using an independent
ample t-test. Fisher’s exact test was used to describe the
mpact of appropriate therapy on mortality. The univar-
ate analysis of risk factors for mortality was performed
sing Spearman’s rank correlation. Multivariate analysis
as performed using stepwise logistic regression. For all

ests, differences were considered statistically significant
f the p values were �0.05.

ESULTS
rom January 2003 through November 2005, 821 pa-
ients were admitted to the burn center. Nineteen pa-
ients still in the hospital at the end of the study period
ere excluded, leaving 802 patients for inclusion in the
nalysis.

One hundred eleven patients had cultures growing
cb, of which 59 met the case definition for infection

Table 1). Bacteremia was the most common type of
nfection, accounting for 31 of 59 infections. Eight
acteremias were from a respiratory source. The re-
aining 23 did not have an obvious source. Although

able 1. Types of Acinetobacter Infections Seen in the US
rmy Institute of Surgical Research Burn Center from
anuary 2003 to November 2005
ype of infection n

acteremia 31
Respiratory source 8
Primary 23

espiratory infection 22
Pneumonia 17
Other 5

urn wound infection 4
rinary tract infection 1
eritonitis 1
t was presumed that the source was translocation
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hrough a burn wound, other sources such as cathe-
ers, gut translocation, or other unknown source
ould not be ruled out. Pneumonia without bactere-
ia was the second most common infection seen,
ith 17 patients. Burn wound infections, urinary

ract infections, peritonitis, and other respiratory in-
ections made up the remainder of patients. In gen-
ral, patients with Acb infection had more severe
urns, more comorbidities, and longer lengths of stay
han those patients with colonization or no Acb re-
overed (Table 2).

Fifty-one patients were colonized with Acb within
4 hours of admission. These patients were at in-
reased risk of Acb infection later in their hospital stay
ompared with those not colonized within 24 hours
45.8% risk versus 4.3% risk, p � 0.001). Infection
eveloped in those individuals with colonization on
dmission, on average, 4.0 (�4.5 SD) days after ad-
ission, compared with 16.9 (�19.7 SD) days for

hose not colonized on admission (p � 0.002). Pa-
ients colonized within 24 hours of admission were
ssumed to have acquired colonization at other
ealth-care facilities during initial treatment. For this
roup, it was not possible to adequately determine
arlier treatment or length of evacuation time. In an
ttempt to prevent spread of Acb from these patients to
thers in the burn unit, special precautions are used on all
atients admitted to the burn unit. This includes use of
ingle room, cohort nursing; and the required wearing of
terile gown, gloves, and mask for all patient contact. De-
pite this, 50 patients (6% of all admissions during the
tudy period) acquired Acb colonization or infection later

able 2. Comparison of Study Groups with Respect to Acin

haracteristic
Infected
(n � 59)

ean age, y (range) 32.2 (19–81)
ean % TBSA burned (range) 29.1 (�1*–80
ean Injury Severity Score (range) 20.7 (1–51)†‡

with inhalational injury 37.3‡

ean length of stay, d (range) 56.3 (2–266)†

verage in ICU, d (range) 31.3 (0–126)†

verage on ventilator, d (range) 20.4 (0–121)†

Includes patients with electrical burns.
Statistically different compared with colonized patients (p � 0.05).
Statistically different compared with patients with negative cultures (p � 0.
BSA, total body surface area.
n their hospital stay, suggesting nosocomial spread. t
There were 70 deaths during the study period, of
hich 13 occurred in patients with Acb infection. Mor-

ality with infection was 22%, compared with 7.7% in
hose without infection (relative risk � 2.86, p �
.001). On univariate analysis, the following factors
ere also found to be associated with mortality: infec-

ion with Acb, age, percent total body surface area
urned, Injury Severity Score, length of ICU stay, time
pent on the ventilator, and presence of inhalational in-
ury. On multivariate analysis, only age, percent total
ody surface area burned, Injury Severity Score, and
ime spent on the ventilator were associated with in-
reased mortality (Table 3).

Most of the Acb isolates seen were resistant to a broad
ange of antimicrobials (Table 4). Imipenem had the
reatest activity, with 61% of isolates being susceptible.
ive isolates were resistant to all tested antimicrobials.
orty-nine (83%) of the infected patients received effec-
ive therapy, as defined previously. The majority of
hese patients (32) received imipenem-cilastatin.
ther antimicrobials administered included amika-

in, tobramycin, ampicillin/sulbactam, pipericillin/
azobactam, ciprofloxacin, tigecycline, colistin, and
rimethoprim-sulfamethoxazole. Seventeen patients
eceived combination therapy with two agents. There
as no statistical difference in mortality between

hose treated with effective agents and those who were
ot (24.5% versus 10%, respectively, p � 0.432).

ISCUSSION
n this large series of burn patients, we examined the
ortality attributable to Acb. We found that Acb infec-

acter Culture Status
Acinetobacter culture status

Positive
Negative

(n � 691)
Colonized
(n � 52)

29.8 (17–79) 35.9 (11–100)
23.8 (2–81.5) 14.2 (�1*–97.9)
16.9 (1–38) 6.3 (0–75)

26.9‡ 9.6
44.0 (1–207)‡ 14.5 (�1–285)
15.4 (0–102)‡ 4.6 (0–206)

6.3 (0–69)‡ 2.7 (0–206)
etob

)†‡

‡

‡

‡

ion occurred in 7.4% of burned patients admitted to
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ur center. Infection was more common in those with
arger burns, higher Injury Severity Scores, and in-
reased length of time on the ventilator or in the ICU.
nfection occurred, on average, 4 days after admission in
hose colonized with Acb, and 17 days in those who were
ot. On univariate analysis, Acb infection was associated
ith burn-related mortality and morbidity, but on mul-

ivariate analysis was not independently associated with
eath. This finding adds additional insight into the role
f Acb as a nosocomial pathogen, which so far has not
een clearly defined. Our study suggests that although
cb is a marker of increased crude mortality because of

ts association with larger burns, it does not affect mor-
ality independently.

Earlier studies have attempted to address the attribut-
ble mortality of Acb, with mixed results. Some studies
ave reported an increased attributable mortality sec-
ndary to Acb, others have not.6-10 Data that specifically
ddresses burn patients are no less clear. Most earlier
tudies dealing with Acb in burn patients are limited to
ase series that report on crude mortality rates but do not
orrect for severity of burn or other underlying diseases.
hese series tend to report an increase in crude mortality

or Acb-infected patients when compared with con-
rols.4,5,11 In the only earlier study that specifically analyzed
ttributable mortality, the only predictor of death in pa-
ients with Acb was the underlying severity of illness as
easured by the APACHE II score.3 This study did not

istinguish between Acb infection and colonization,
ossibly biasing the results toward a falsely low attribut-

able 3. Analysis of Factors Associated with Mortality in
urn Patients

isk factor
p Value

Univariate* Multivariate†

nfection with Acb �0.01 0.651
ge �0.01 �0.01
TBSA burned �0.01 �0.01

njury Severity Score �0.01 0.044
resence of inhalational injury �0.01 0.061
ncreasing length of stay 0.114 —
ncreasing length of stay in ICU �0.01 0.882
ncreasing time on the ventilator �0.01 �0.01
olonization with Acb on admission 0.267 —
ppropriate therapy for Acb infection 0.322 —

Spearman’s rank correlation.
Step-wise logistic regression.
cb, Acinetobacter; TBSA, total body surface area.
ble mortality.3 In contrast, our study examined the spe- k
ific role of infection and still found little attributable
ortality.
Of note is the fact that in our study, Acb therapy was

ot associated with a mortality benefit. Although this
ight have been a result of the small sample size (only 10

atients were not treated with effective agents), it raises
n interesting issue. Previous studies have demonstrated
hat therapy has less correlation to outcomes than sever-
ty of underlying illness.12,13 In a recent report on Acb
xtremity infections in soldiers returning from Iraq and
fghanistan, all patients had good outcomes, regardless
f the therapy chosen.14 One of the facts complicating
cb therapy is the bacterium’s ability to develop broad-

pectrum antimicrobial resistance. This often leads to
he use of more toxic antimicrobials, such as colistin or
he aminoglycosides. Physicians should perhaps recon-
ider use of these potentially toxic or unproven antimi-
robials in the treatment of these infections.

Aside from mortality, we also examined Acb coloni-
ation and its role in development of subsequent infec-
ion. In our study, colonization with Acb was associated
ith increased risk of infection with Acb. Colonization

t time of admission was associated with a more rapid
nset of infection. This suggests that colonization with
cb can also be a marker of increased morbidity in burn
atients and that procedures to reduce the rate of colo-
ization can be beneficial.
This study is limited by its retrospective design and

se of only a single burn center’s data. To the best of our

able 4. In Vitro Susceptibilities of Infection-Associated
cinetobacter Isolates*

ntimicrobial

% of
isolates

susceptible

mipenem 61
mikacin 36
mpicillin-sulbactam (n � 58) 24
obramycin 22
iperacillin-tazobactam 14
rimethoprim-sulfamethoxazole 12
entamicin 10
iprofloxacin 8
evofloxacin 8
efepime (n � 49) 6
eftriaxone 3
ztreonam (n � 48) 2

n � 59 unless otherwise specified.
nowledge, this is the largest series of Acb infection in
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urn patients to date. As such, it provides new insight
nto the management of these infections.

Acinetobacter calcoaceticus-baumannii complex infec-
ion and colonization appear to be markers of increased
ortality, as they typically occur in patients with severe

njuries and more extensive burns. Acb infections do not
ppear to independently affect mortality. Clinicians
hould consider these data when treating Acb infections
n the future.
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